oxidase for fl-d-glucose.
Saifer (11) , using Glucostat Reagent containing glucose oxidase, horse-radish peroxidase, phosphate buffer, and o-dianisidine, investigated the proposed procedure of Teller (6) for the direct colorimetric determination of the glucose content of serum and found that the method could not "be applied directly to serum or plasma due to the presence of substances inhibitory to the enzymes which are removed by protein precipitation."
Huggett and Nixon (12) used a modification of Teller's method to determine glucose in a protein filtrate of whole blood and also made the statement that "Glucose may be estimated directly in plasma without deproteinization by this method," but furnished no data to support this statement.
McComb and Yushok (13) discovered that the addition of concentrated sulfuric acid changed the color of the Keston reaction mixture from amber to a deep pink color that was stable for several hours; it also increased the sensitivity of the method. Middleton and Griffith used (14) 
Plasma
Add 0.02 ml. of plasma to 4.5 ml. of the peroxidase buffer reagent in a photometer cuvette with a Sahli hemoglobin pipet. Rinse pipet several times in the reagent.
Add 0.5 ml. of glucose oxidase reagent and mix. Place cuvettes in a 37#{176} water bath for exactly 30 mm. Add 1.5 ml. of 50% sulfuric acid slowly with continuous mixing and place in cold water bath for several minutes.
The resulting color is read against a blank set at 100% T at 530 m. The blank is prepared with 0.02 ml. of plasma, the sulfuric acid being added before incubation.
Urin.
Check urines with glucose oxidase paper strips, (Lilly) and if positive, prepare for glucose analysis as follows: Add 1 ml. of urine to 19 ml. of 1120 in a 50-mi. Erlenmeyer flask. Add 1.5 gm. of Lloyd's reagent and 50 mg. norit. Shake for 6 mm. and filter. Use 0.02 ml. of filtrate as directed under procedure for plasma. The same results were obtained with the standard procedure (10 mg. %) when 25 and 50 mg. % o-dianisidine were used.
pH of Buffer
Optimum p11 of buffer for maximum activity of the enzyme occurred at pH 7 ( Fig. 1) , a result in agreement with those of Huggett and Nixon (12) 
Sulfuric Acid Concentration in Final Color Development
A concentration of 11.6% sulfuric acid in the final mixture for color development (Fig. 2) gave the greatest stability and density of color. Above this concentration the gain in color intensity was lost by the dilution effect of the additional acid.
Light Transmhsion for Maximum Absorption
Maximum absorption of light of the color produced with this method occurred at 530 m with the Coleman, Jr. No. 6 and at 565 m/L with the Beckman DU (Fig. 3 ).
Time and Temperature
Linear standardization curves were obtained after a 30-mm. incubation of the plasma with glucose oxidase at 37, 45 Fig. 4A .) Linearity was not obtained at lower temperatures from 10 to 60 mm. (Curves 1-4, Fig. 4A, and Curves 13-20, Fig. 4B ). Slight hemolysis and bilirubin concentrations up to 20 mg./100 ml. in plasma do not appear to interfere with the determination of glucose by this method. 
RECOVERY EXPERIMENTS
Recovery of glucose added to 1 ml. of urine diluted to 20 ml. and treated with 1.5 gm. of Lloyd's reagent and 50 mg. of norit. were determined (Table 1) . Somewhat better recovery of glucose was obtained with Lloyd's reagent and charcoal than without these agents. Very poor recoveries were obtained with cadmium sulfate-sodium hydroxide ifitrates.
Plasma
Good recoveries of jig. of glucose added to 0.02 ml. of plasma from oxalated blood were obtained with the glucose oxidase procedure described (Table 2) . This method employs o-tolidine and a 10-mm. incubation period at room temperature.
Unfortunately, the color obtained with this method is unstable and must be read within 10 mm. Plasma appears to interfere with the rate of action of the glucose oxidase in short incubation periods, or the initial rate of reaction of the glucoseoxidase enzyme with pure glucose is more rapid than with glucose in presence of plasma.
When urinary glucose is present in appreciable amounts, the effect of the addition of charcoal and Lloyd's reagent is evidently negligible (Table 4) . Good agreement of urinary glucose analyses were ob- tKungsley-Getebell.
*AU data expressed in grams of glucose per 100 ml. of urine.
tamed with both the Kingsley-Getchell glucose oxidase and the Kingsley-Reinhold glucose methods without preliminary treatment of urine with charcoal and Lloyd's reagent; this was not the case with normal urines containing little or no glucose, as they showed poor recovery of added glucose when inhibitors were not removed before analysis (Table 1) .
NORMAL VALUES OBTAINED WITH THE METHOD
Normal direct plasma-glucose values of males and females between 20 and 40 yr. were found to range between 63 and 85 mg./100 ml. plasma (Table 3) .
SUMMARY
A simple, direct, ultramicro, specific-enzyme method for determination of plasma and urine glucose is described in detail and compared with other methods.
